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Description 
THERMAL SPRAYING DEVICE 

Cross Reference to Related Applications 

[0001] The present application claims the benefit of United States 
Provisional Application No. 60/319,558 filed 18 Septem- 
ber 2002. 
Background of Invention 

[0002] TECHNICAL FIELD 

[0003] The present invention relates to thermal spraying devices 
that include a means for generating a flame and a means 
for injecting a powder into the flame. The flame- 
generating means includes an end piece out of which the 
flame is directed towards a substrate subjected to spray- 
ing. In the context of the present disclosure, the terminol- 
ogy of "thermal spraying device" is used to refer to de- 
vices for generating a flame that can be used for the pur- 
pose of depositing a coating of metal or ceramic onto a 
substrate; examples include plasma spray guns of differ- 
ent kinds, flame jet devices, HVOF devices and related ar- 



rangements. The technical field of the invention is partic- 
ularly that of applying coatings, such as thermal barrier 
coatings of metal or ceramics, onto substrates, and in 
particular, onto substrates such as constructional ele- 
ments in aerospace constructions, in particular motor 
parts thereof. The invention, however, is not restricted to 
such applications, but instead also can find a number of 

applications outside this relatively narrow field. 
Background 

[0004] Devices for plasma spraying a powder onto a substrate 
are known that comprise (include, but are not limited to) 
plasma jet-generating means and one or more powder in- 
jection ports via which a powder is injected into the 
plasma jet. An example of such a plasma jet gun is the 
widely used F4 Sulzer Metco gun. This product includes an 
end piece through which the plasma jet is directed out of 
the gun and towards the substrate that is to be coated. A 
shoulder or knob is attached to the end piece and is pro- 
vided with a nozzle that accommodates the injection of 
powder into the plasma jet. 

[0005] During operation, when the powder is injected into the 
plasma jet, melted and deposited onto a substrate, char- 
acteristic flow patterns are generated as the powder 



reaches the jet. Often, during normal operation condi- 
tions, a baclc-stream of powder may return to the nozzle 
resulting in a clogging of the nozzle. Larger particles of 
aggregated powder clogged in the nozzle or the end piece 
will sooner or later come loose and be ejected into the jet. 
This causes disturbances in the spraying process, result- 
ing in blisters and lumps being generated in the coating. 
Summary of Invention 

[0006] It is an object of the present invention to present a ther- 
mal spraying device with an improved powder yield, that 
has an improved efficiency in comparison to comparable 
known devices. That is to say, device configured accord- 
ing to the teachings of the present invention should guar- 
antee an equal or better result than previously known de- 
vices, while also using less powder. 

[0007] It is also an object of the invention to present a thermal 

spraying device for which the tendency of having unfavor- 
able back-streams of powder with a resulting clogging of 
the nozzles is reduced, or even eliminated. 

[0008] It is a further object of the invention to obtain an im- 
proved spray- rate; that is, a reduced spray time for a 
given amount of powder used, with a maintained satisfac- 
tory quality of the applied coating. 



[0009] Objects of the invention are achieved by means of the 
thermal spraying device initially described and which is 
characterized by a powder-injection means having a 
frame element that projects in the flame ejection direction 
from the end piece. Further, the frame element at least 
partly surrounds a flame zone extending from the end 
piece. Exemplarily, at least one-quarter, or 90 degrees of 
a circumference around the flame zone is surrounded by 
the frame portion. 

[0010] Because of the surrounding nature of the frame portion, 
and an at least partly annular shape of the frame element, 
an improved flow pattern is obtained resulting in a re- 
markably reduced back-stream tendency. Normally, the 
shape and/or the dimensions of the inner periphery of the 
part of the frame element projecting in the direction of 
the flame correspond to those of the end piece of the 
flame-generating means. The nozzle(s), or powder port(s) 
is (are) located in the projecting part of the frame ele- 
ment, thereby directing power jets from the inner periph- 
ery of the frame element in a radial direction towards the 
central flame, perpendicularly to the length direction of 
the flame, or obliquely, but partly in the length-direction 
of the flame. 



[001 1] According to a preferred embodiment of the invention, tlie 
frame element covers at least 180 degrees, preferably at 
least 270 degrees, and most preferably 360 degrees of a 
circumference around a flame zone extending from the 
end piece. 

[0012] In a preferred embodiment, the frame element defines a 
ring-shaped element and is designed as a continuous ring 
with a continuous inner periphery extending over and 
covering 360 degrees. It should be understood, however, 
that as an alternative, the element may be made up by two 
or more discrete ring parts, each defining a sector of the 
frame element. The discrete ring parts need not form a 
frame element that has a continuous inner periphery, but 
could as well define a discontinuous, broken ring, thereby 
extending over and covering at least 180 degrees, and 
preferably at least 270 degrees in the peripheral direction 
thereof. One or more of the nozzles or powder ports may 
be arranged between individual of such ring parts or ring 
segments. 

[0013] Preferably, the frame element has an inner periphery, the 
cross section of which corresponds to the geometry of the 
cross section of the inner periphery of the end piece. The 
cross section should present rotational symmetry. 



[0014] According to a preferred embodiment of the invention, at 
least tlie part of the frame element that projects beyond 
the end piece in the flame ejection direction comprises at 
least one radial, open through hole. Such holes provide 
air-cooling of the flame in order to stabilize the flow in 
the powder injection area. Apart from the openings de- 
fined by the holes on the inner periphery of the frame ele- 
ment and possible powder injection nozzles, the inner pe- 
ripheral surface of the projecting part is generally even, 
presenting no projections or the like that would negatively 
disturb the flow pattern of the flame and injected powder. 

[0015] Preferably the frame element comprises a plurality of ra- 
dial, open through holes normally numbering at least six, 
and preferably more than ten radial open through holes. 
The holes should be evenly distributed around the periph- 
ery of the frame element such that uniform flow condi- 
tions are achieved completely around the central flame or 
jet. 

[0016] According to one embodiment, the end piece has an inner 
width or inner diameter d and the frame element projects 
a distance p. The relationship between d and p is: 0.5d < 
p < 2d. This is a particularly preferred relationship for end 
pieces with an inner diameter of six or eight mm, but also 



for other diameters used in practice. 

[0017] wiien tlie end piece lias an inner widtli of, or inner diame- 
ter d, and the projecting part of the frame element has an 
inner corresponding width or diameter D, D is equal to or 
larger than d, and preferably D < 1.2 d. This relationship 
has been proven suitable at least for end pieces with an 
inner diameter d of six or eight mm. 

[0018] According to a further preferred embodiment of the in- 
vention, two or more powder injection ports are dis- 
tributed around the inner periphery of the frame element 
for directing a powder towards the flame. In this manner, 
an improved and more even powder distribution within 
the plasma jet is achieved. Since the injected powder is 
distributed via a number of nozzles, a larger amount of 
powder per time unit can be injected into the plasma 
without the instability problems that occur when only one 
nozzle or port is used. 

[0019] Preferably, the powder injection ports are evenly dis- 
tributed around the periphery of the frame element. In 
this way an even distribution of the powder in the plasma 
is promoted. Preferably, the device comprises or is con- 
nected to a means for distributing the powder evenly 
among the powder injectors. 



[0020] According to one embodiment, eacli powder injection port 
comprises a nozzle tliat is inserted in a radial hole or 
opening through the frame element. At least one or more 
of the open through holes are adapted for accommodat- 
ing such a nozzle therein. Accordingly, the frame element 
is equipped with a plurality of radial through holes, ex- 
tending from the outside to the inside of the frame ele- 
ment and permitting any medium such as air to pass 
through them. At least some of the holes are adapted to 
accommodate a nozzle or the like therein. For example, 
some holes might be provided with a thread for engage- 
ment with a nozzle, resulting in a more versatile device. 

[0021] The frame element should be removably attached to the 
end piece. For example, a part of the frame element can 
be adapted to be pulled onto the outer periphery of the 
end piece, that part of the frame element being provided 
with fastening screws that penetrate its wall. Any kind of 
clamp or the like can also be used in order to suitably fix 
the frame element in relation to the end piece. 

[0022] According to the one embodiment of the invention, the 
flame generated by the flame-generating means is a 
plasma Jet formed by letting a gas flow in an annular path 
between a cathode and an anode. Typically, the tempera- 



ture of such a jet can reach 15,000 "C and the powder in- 
troduced into the plasma can obtain a speed of up to 500 
meters per second as it is melted and accelerated by the 
plasma Jet before hitting a substrate. 
[0023] Further features and advantages of the present invention 
will be presented in the following detailed description 
representing a preferred embodiment of the disclosed in- 
ventive device. 
Brief Description of Drawings 

[0024] A preferred embodiment of the present invention will now 
be described with reference to the annexed drawings on 
which: 

[0025] Fig. 1 is a perspective view of an end piece of a thermal 
spraying device provided with a previously known type of 
powder injection means; 

[0026] Fig. 2 is an end view of the device shown in Fig. 1; 

[0027] Fig. 3 is a perspective view of a one embodiment of a de- 
vice configured partly according to Fig. 1, but provided 
with a powder injection means that comprises two oppo- 
site nozzles arranged on a frame element formed by two 
discrete ring parts; 

[0028] Fig. 4 is an end view of the device of Fig. 3; 



[0029] Fig. 5 is a perspective view of another embodiment of a 
thermal spraying device configured according to the 
teachings of the present invention; 

[0030] Fig. 6 is an end view of the device of Fig. 5; 

[0031] Fig. 7 is a cross sectional view of the frame element illus- 
trated in Figs. 5 and 6; and 

[0032] Fig. 8 is schematic view, shown in partial cross section 

depicting a plasma spraying device configured according 

to the present invention in operation. 
Detailed Description 

[0033] Figs. 1 and 2 show an end piece 1 of a thermal spraying 
device, more precisely a plasma spraying device, of con- 
ventional design. The device comprises means 2 for gen- 
erating a flame; as illustrated, a plasma Jet. Such means 
includes a cathode and an anode as depicted in Fig. 8 that 
is arranged in a conventional way and that defines an an- 
nular path therebetween. It also includes a means 3 for 
injecting a powder into the plasma jet. 

[0034] jhe end piece 1 includes a tube with a circular cross sec- 
tion and which can also include the anode. The powder 
injection means 3 comprises a shoulder or knob 4 at- 
tached to the end piece 1. The shoulder or knob 4 in- 



eludes a radial hole penetrated by a powder injection noz- 
zle 5 that defines a port for powder injection towards the 
flame. 

[0035] Fig. 2 indicates how only a small part of the flame is actu- 
ally taken advantage of upon injection from the single 
nozzle 5 in the conventional arrangement. Due to the 
small angular sector covered by the shoulder or knob 4, a 
back-stream of returning partly melted powder will be 
generated, resulting in unwanted build up on the nozzle 
5. 

[0036] Figs. 3 and 4 show a first embodiment of a thermal spray- 
ing device configured according to the invention. A flame, 
or plasma jet is generated by the same means as de- 
scribed in Figs. 1 and 2. A frame element 6 formed by two 
discrete ring parts 7, 8 covers approximately 180 degrees 
of a circumference around the flame. In other words, it 
covers 50 percent of the circumference that a correspond- 
ing continuous ring would have covered. Here, each ring 
part 7, 8 defines a sector that covers at least 90 degrees 
of the circumference. 

[0037] The frame element 6 projects and extends the end piece 1 
in the longitudinal direction thereof, which is the same as 
the flame direction. Each ring part 7, 8 is provided with 



one or more radial holes, at least one of which is pene- 
trated by a powder injection nozzle 5. Each nozzle 5 can 
be arranged and directed as described earlier for the tra- 
ditional nozzle depicted in Figs. 1 and 2. Because of the 
double nozzle arrangement and the presence of the frame 
element 6, the tendency of having powder back-flow is 
suppressed and a more stable and better-used plasma jet 
is achieved. Accordingly, a higher powder yield is achieved 
as compared to traditional configurations. 

[0038] In Figs. 5-7, another preferred embodiment of a device is 
presented. The device comprises means for generating a 
flame, preferably as described earlier with regard to Figs. 
1-4. It differs from the embodiment shown in Figs. 3 and 
4 in that it includes a frame element 6 formed by one sin- 
gle, continuous ring. The ring 6 is detachably attached to, 
and projects a distance p beyond the end of the end piece 
1 in the plasma jet direction. The end piece 1 has an inner 
diameter d, and in which the relationship of 0.5d <p < 
2d, and preferably with d being approximately equal to p. 

[0039] The ring 6 has a circular inner periphery with a diameter D 
that is approximately equal to the inner diameter d of the 
end peace 1. More precisely, as in the illustrated case, the 
inner diameter D corresponds to the outer diameter d of 



the end piece 1, plus the thickness of the wall of the end 
piece 1. 

[0040] The frame element 6 further comprises a plurality of ra- 
dial through holes 9 evenly distributed around the periph- 
ery of the projecting part thereof. At least some of the 
holes 9 are provided with a thread for engagement with a 
powder injection nozzle 5 that can be accommodated 
therein. Alternatively, a separate set of holes that can be 
in line with the holes 9 can be arranged to act as nozzle 
accommodation holes or powder ports. 

[0041] The holes 9 are generally in line with each other around 
the inner periphery of the ring 6. The holes that do not 
accommodate a powder injection nozzle 5 contribute to a 
radial communication between the interior and exterior 
sides of the ring. Normally, the exterior faces an air atmo- 
sphere and the holes 9 act as air-cooling holes that fur- 
ther stabilize the jet and counteract powder back-flow to- 
wards the nozzles 5. 

[0042] Preferably, the nozzles (or powder ports) are evenly dis- 
tributed (at the same angular distance from each other) 
around the inner periphery of the frame element 6. The 
number of nozzles 5 may vary, but computer simulations 
have been utilized to determine that three nozzles is pre- 



ferred, resulting in a advantageous powder yield (low loss 
of powder) and stable flow conditions. 

[0043] In order to be easily attached to, and detached from the 

end piece 1, the powder injection means 3, here the frame 
element 6, is adapted to be pulled onto the end of the end 
piece 1 and fixed in position by means of fixation screws 
16. Other connection means, such as clamps and the like 
can be alternatively used. 

[0044] An exemplary plasma spraying device configured accord- 
ing to the invention is schematically shown in Fig. 8. The 
device comprises an anode 10 surrounding a central cath- 
ode 11 and that forms a nozzle or annular passage for 
gases; this kind of device being well known and therefore 
not described in further detail. An electric arc or plasma 
jet 12 is generated by means of controlling the voltage 
difference between the anode 10 and the cathode 11, and 
letting gases flow through the nozzle. According the in- 
vention, the device further comprises a means 3 for intro- 
ducing a stream of powder particles 13 into the plasma jet 
12. The jet 10 is directed towards a substrate 15 and will 
transport the powder particles 13 towards the substrate 
15, while at the same time at least partly melting the par- 
ticles 13. 



[0045] A particular advantage of the invention is that a frame el- 
ement 6 configured as described above can be used to re- 
place the single shoulder and nozzle arrangement of tra- 
ditionally configured plasma Jet guns that are currently 
available on the market and which are typified by such 
products as the F4 gun. Adaptation according to the 
teachings of the present invention can be accomplished 
without extensive work and resulting in improved powder 
yield, improved plasma Jet efficiency and stability, and di- 
minishes the risk of powder port clogging. 

[0046] It should be realized that the above presentation of the 
invention has been made byway of example, and that al- 
ternative embodiments will be obvious to those persons 
skilled in the relevant art. The scope of protection claimed 
is defined by the claims supported by the description and 
the annexed drawings. 



